Tridentate (ONO) C 1 -symmetric Schiff base ligands were synthesized by the condensation of (S)-2-amino-2'-hydroxy-1,1'-binaphthyalene with 4-hydroxy-3-phenanthrenecarboxaldehyde or 1-hydroxybenz[a]anthracene-2-carboxaldehyde. C 2 -symmetric titanium(IV) Schiff base complexes, TiL 2 , were synthesized and characterized with these ligands. The complex with the benz[a]anthryl unit crystallizes in a facial coordination mode, OC-6-1'3'-C, whereas complex with phenanthryl unit crystallizes in a meridional mode, OC-6-22'-A. A comparison between the complexes and the ligands were done in solution using circular dichroism spectroscopy.
Introduction
Carbon-carbon bond formation by asymmetric aldol additions and carbonyl-ene reactions are widely used in organic synthesis and the pharmaceutical industry. These transformations are effective for producing chiral β-hydroxy aldehydes or β-hydroxy ketones, 1 and considerable effort has been directed to the development of new organo-and transition metal catalysts for a variety of important substrates. 2 Effective catalysts for aldol and related hetero-ene reactions based on Ti(IV) Lewis acids with NOBIN (2-amino-2'-hydroxy-1,1'-binaphthyl) derived Schiffbase ligands were first developed by Carreira (Scheme 1). 3 The titanium complex (R)-2 derived from ligand (R)-1 is sufficiently electrophilic to activate aldehydes towards the addition of weak nucleophiles such as 2-methoxypropene under mild conditions. Subsequently, the NOBIN moiety has received considerable interest as the chiral component of asymmetric catalysts. 4 Despite their significance, few transition-metal NOBIN complexes have been structurally characterized. 5, 6 Herein we report two new NOBIN-based Schiff-base ligands with extended aromatic sidearms containing phenolate-type donors in phenanthryl or benz [a] anthryl ring structures. TiL 2 X-ray structures are reported and catalytic activity is examined for the addition of 2-methoxypropene to aryl aldehydes. Scheme 1. Carreira's Ti(IV)-NOBIN catalyst for the asymmetric hetero-ene addition of 2-methoxypropene to aromatic, aliphatic and acetylinic aldehydes.
Materials and Methods
All reactions were performed under dry nitrogen or argon unless otherwise noted. Solvents were stored over drying agents, degassed prior to use, and vacuum-transferred into reaction mixtures.
Toluene and THF were dried over sodium benzophenone ketyl, ethanol was dried over magnesium, and CH 2 Cl 2 was dried over calcium hydride. The aldehydes used in the catalytic runs were freshly distilled before use. The 2-methoxy propene was passed through basic alumina to remove any acidic impurities was then distilled. The aldehyde precursors, 4-hydroxy-3-phenanthrenecarbox-aldehyde and 1-hydroxybenz[a]anthracene-2-carboxaldehyde were synthesized by procedures we have reported previously. 7 (S)-NOBIN was synthesized from rac-BINOL in 98% ee using literature methods.
8
CD spectra were collected on a JASCO 720 spectropolarimeter. Solution samples for this technique was prepared using dried spectroscopic grade THF, at concentrations that ranged between 1.5 and 2.5 × 10 -5 M. A 1.00 cm path length quartz cell was employed for the analysis.
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Results and Discussion

Synthesis
Scheme 2. Synthesis of ligands (S)-3 and S-(4) by condensation.
(1)
Structural characterization
The crystal data for the structures are reported in Table 1 . Selected bond lengths, bond angles, and other parameters are presented in Table 2 .
Single crystals of the ligand (S)-4 were grown by the slow diffusion of hexanes into a CH 2 Cl 2 solution of the compound. There are two independent but similar molecules in the unit cell ( (2) 11290.1(9) 6589.8(10) Space Group P1 P2 (1)2(1)2(1) P2 (1)2(1)2(1) 
120 (2) 120 (2) 120 (2 62.69 NAP1-PHEN1 [i] 87.53
83.38 NAP1-BA1 [j] 71.72 NAP2-NAP2A [i] 63.08 61.07 NAP2-NAP2A [j] 63.00 NAP2-PHEN2 [i] 88.14 82.40 NAP2-BA2 [j] 69.40 PHEN1-PHEN2 [i] 11.82
10.03 BA1-BA2 [j] 69.99 BA1-NAP2 [j] 14.58 BA2-NAP1 [j] 13.24 [a] Centroid is calculated for C11-C16 of ligand 2.
[b] Centroid is calculated for C11, C16-C19, C24 of ligand 2 [c] Centroid is calculated for C11-C16 of ligand 1.
[d] Centroid is calculated for C11, C16-C19, C24 of ligand 1 [e] Centroid is calculated for C31-C36 of ligand 2.
[f] Centroid is calculated for C19-C21, C26-C28 of ligand 2.
[g] Centroid is calculated for C31-C36 of ligand 1. [h] Centroid is calculated for C19-C21, C26-C28 of ligand 1.
[i] Calculated absolute value of interplanar angle. See Figure 2 for fragment labels.
[j] Calculated absolute value of interplanar angle. See Figure 4 for fragment labels. Skeletal structure of complex along with cis-angles for the two molecules (M1 and M2, bottom). have structurally-characterized metal complexes (6-11) are illustrated in Figure 6 (stereochemistry not indicated in structures). In several structures the ligand is only bidentate, with the naphthyl-oxygen remaining protonated and uncoordinated to the metal. 13 In complexes where the ligand is tridentate to a single metal ion its coordination is closer to trigonal than linear. 5, 6 For dinuclear complexes the naphthyl-oxygen is normally bridging and the coordination of the ligand can be trigonal or linear. 5, 13 The only octahedral complexes of the type ML 2 have been seen for Ti(IV). Ding and co-workers 6 examined racemic and enantiomerically enriched 6 and found fac-TiL 2 complexes in each case, but with different coordination modes (Fig. 6 ). More recently, Zi and co-workers crystallographically characterized two fac-TiL 2 complexes, each with the cct mode observed for Ti[(S)-4] 2 (Fig. 6 ). 
DFT Calculations
The cystal structure data for Ti[(S) this agrees with the experimentally observed OC-6-22'-A structure (Fig. 7) . The same energy ordering was seen for the calculated geometries of Ti[(S)-4] 2 , except that OC-6-2'2-A was absent, as noted. However, the experimentally observed OC-6-1'3'-C structure is predicted to be that with the highest energy. The discrepancy in predicted and observed configurations for Crystallographically observed configurations are indicated by arrows.
Spectral Characterization
The proposed that one of the ligands must dissociate to allow the titanium to act as a Lewis acid to the aldehyde. 8 Table 3 shows the results of the catalyzed addition reactions by different catalysts.
The two compounds have similar activity and selectivity with good yields but only moderate stereoselectivities (43-54% ee). The results are somewhat better for 3-phenylpropanaldehyde than for benzaldehyde. The enantioselectivity was measured by forming an ester derivative of the β-hydroxy ketone with (R)-O-acetyl mandelic acid (Scheme 3). 17 The chiral β-hydroxy ketone formed from the reaction of aldehyde and 2-methoxy propene reacts with (R)-O-acetyl mandelic acid in the presence of the coupling agent DCC and the catalyst DMAP. Esters with (R,R) and 
Conclusions
In this work we have successfully synthesized two new chiral tridentate ligand based on (S)-NOBIN and polyaromatic aldehydes. These ligands have a distinctly different structure than those reported previously due to the extended aromatic structures. The Ti(IV) complexes of these are well characterized and reveal distinctly different coordination modes in their TiL 2 complexes.
Curiously, the ligand with the most extended aromatic system, (S)-4, produces complexes that have a facial coordination that is consistent with the other reported structures with enantiopure tridentate NOBIN-based ligands. 5, 6 The TiL 2 complex of (S)-4 has a meridional coordination mode which has not been seen previously for similar complexes. However, it is clear that tridentate NOBIN-based ligands are not strictly trigonal-binding, as meridional coordination has been seen for MLX 2 type complexes and for ligands which bridge more that one metal. 5, 6, 13 Preliminary catalysis studies on the to titanium complexes illustrate activity and modest selectivity. Considerable work in looking at different substrates and examining the effects of chiral and achiral acids as additives is needed to further explore that catalytic features of these systems. 
